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1. Introduction 
The enzyme parahydroxybenzoate hydroxylase 
(EC 1.14.13.2) has been isolated from three 
different Pseudomonas species [1-3] .  It catalyzes 
the following reaction: 
p-OHB + NADPH + 02 + I-I + 
3,4-di-OHB + NADP ÷ + H20. 
The binding ofp-OHB to the free enzyme induces a 
conformational change which facilitates the binding 
of NADPH to the enzyme [1-3].  
The enzyme investigated in this study was isolated 
from Pseudomonas fluorescens. Its mol. wt. is 55 000 
[4]. The enzyme is inhibited by halogen ions and the 
inhibition is competitive with respect o NADPH [5]. 
Microcrystals of the free enzyme are easy to 
prepare. We have therefore investigated such crystals 
by electron microscopy techniques in order to gather 
information concerning the arrangement of the 
molecules in the crystal. Electron microscopy and 
optical diffraction studies gave information about the 
shape and the packing of the molecules in the crystal. 
Abbreviations: PHBH: p-hydroxybenzoate hydroxylase; 
p-OHB: p-hydroxybenzoate; 3,4-di-OHB: 3,4-dihydroxy- 
benzoate. 
2. Materials and methods 
Large scale production of Pseudomonas fluorescens, 
cultured on the medium described by Howell et al. [1 ], 
were performed for us by Diosynth B.V., Oss, 
The Netherlands. The enzyme PHBH was isolated and 
purified according to Howell et al. [1]. The free 
enzyme was crystallized from ammonium sulfate 
solutions as described elsewhere [1 ]. Crystals of the 
enzyme-p-OHB complex were obtained in the follow- 
ing ways: (i) microcrystals were incubated in a 50% 
saturated ammonium sulfate solution in the presence 
of 0.5 M p-OHB; (ii) co-crystallization f the enzyme 
and p-OHB was as described elsewhere [6]. The 
crystal preparations were negatively stained using 
a one step droplet method. One droplet of the crystal 
suspension was diluted with 1-2 ml unbuffered 0.5% 
uranyl acetate solution [7]. The electron micrographs 
were taken at 80 kV and analyzed with an optical 
diffractometer [8]. 
3. Results and discussion 
Negatively stained microcrystals obtained from free 
PHBH generally show the pattern illustrated in riga A. 
The corresponding optical diffraction pattern is given 
in riga B. The symmetry derived from this result is 
pgg [9] witha = 13.4 nm and b = 8.6 nm. Fig.2A 
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Fig.1. (A) Electron micrograph of a negatively stained crystal 
obtained from free PHBH. The direction of view is along the 
c axis. In the micrographs the arrows indicate the crystal axes, 
while the bar represents 50 nm. (B) Corresponding optical 
diffraction pattern. In the patterns the reciprocal axes are 
parallel to the corresponding crystal axes, the bar correspond- 
ing to 0.4 nm -~ . 
shows a different view of the crystal. The correspond- 
ing optical diffraction pattern is shown in fig.2B. The 
observed pmg symmetry [9] indicates that the 
projection is along the b axis with a = 13.4 nm and 
c = 4.5 nm. From the plane groups deduced from 
fig.1 and 2 we arrive at the three-dimensional space 
group P2~ 21 2 [9]. The number of molecules per unit 
cell (which must be a multiple of 4 in this space group) 
clearly is 4. Employing the equations of Matthews 
[10] it was calculated that the crystal volume per 
unit of protein molecular weight, VM, is 2.36 A3/ 
dalton and that the solvent content of the crystals is 
approx. 48%. 
The staining pattern gives rise to pseudo dinaers in 
both views (figs. 1 and 2) and can be clearly seen i
fig.1. The pseudo dimers are well ordered giving rise 
to a 'fish-bone' like arrangement of the molecules 
(fig.l). The dimensions of the (monomeric) molecule, 
estimated from the crystal parameters, are 6, 6 and 
4.5 nm, respectively. The size of the molecules 
measured on electron micrographs of single PHBH 
molecules (fig.3) is 8.5 nm. This discrepancy between 
the two sets of data is due to the fact that by the 
latter method one is looking at exclusion of stain in 
negatively stained preparations which yields too large 
values by the measurements of single molecules [11 ]. 
The single molecules exhibit circular to square profiles 
as is seen in fig.3. 
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Fig.2. (A) Electron mierograph of a negatively stained PHBH 
crystal. The direction of view is along the b axis. (B) Corres- 
ponding optical diffraction pattern. 
No change of the crystal structure could be 
observed when the crystals of the free enzyme were 
soaked in p-OHB or NaC1. This indicates that under 
the experimental conditions employed p-OHB and 
NaCI probably did not bind to the crystalline nzyme. 
The electron microscopic results obtained with 
microcrystals of the enzyme-substrate complex were 
not very reliable because these crystals are not plate- 
like and do not lay on the grid with a crystallographic 
axis parallel to the electron beam. While this work was 
in progress it was possible to obtain crystals of the 
enzyme-p-OHB complex suitable for X-ray studies 
[6]. Therefore, we have not attempted to overcome 
the above mentioned problem. However, all efforts 
failed [6] to obtain crystals of the free enzyme 
suitable for X-ray studies. 
Fig.3. Electron micrograph of single PHBH molecules, negatively 
stained. 
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There are some remarkable differences in the 
physical parameters of the crystals of the free and 
p-OHB complexed enzyme. First, the crystal volume 
per unit of  protein molecular weight of the free enzyme 
is larger than that of the p-OHB-complexed enzyme 
(2.36 A 3/dalton vs 2.10 h 3/dalton). Second, the 
solvent content of the crystal of the p-OHB complex 
is 42%, whereas that of the free enzyme is 48%. This 
result cannot be caused by shrinkage of the crystals 
when preparing them for electron microscopy as 
shrinkage would increase these differences. These 
results thus indicate that the crystals of the p-OHB 
complex are more tightly packed than are those of 
the free enzyme. These data support other results 
which indicated that the enzyme undergoes a confor- 
mational change upon formation of the p-OHB 
complex [ 1,4]. 
Acknowledgements 
We thank Mr K. Gilissen for his help in printing the 
photographs. This work was supported in part by the 
Netherlands Foundation for Chemical Research (S.O.N.) 
with financial aid from the Netherlands Organization 
for the Advancement of Pure Research (Z.W.O.). 
References 
[1] Howell, L. G., Spector, T. and Massey, V. (1972) J. Biol. 
Chem. 247, 4340-4350. 
[2] Hosokawa, K. and Stanier, R. Y. (1966) J. Biol. Chem. 
241, 2453-2460. 
[3] Yano, K., Higashi, N. and Arima, K. (1969) Biochem. 
Biophys. Res. Comm. 34, 1-7. 
[4] Santema, J. S., Miiller, F., Steennis, P. J., Jarbandhan, 
T., Drenth, J. and Wierenga, R. K. (1976) in: 
Flavins and Flavoproteins (Singer, T. P., ed.), Elsevier, 
Amsterdam, in the press. 
[5] Steennis, P. J., Cordes, M. M., Hilkens, J. G. H. and 
MOiler, F. (1973) FEBS Lett. 36, 177-180. 
[6] Drenth, J., Hol, W. G. J. and Wierenga, R. K. (1975) 
J. Biol. Chem. 250, 5268-5269. 
[7] Schepman, A. M. H., Wichertjes, T. and van Bruggen, 
E. F. J. (1972) Biochim. Biophys. Acta 271,179-285. 
[8] Klug, A. and Berger, J. E. (1964) J. Mol. Biol. 10, 
565-569. 
[9] International Tables for X-ray Crystallography, (1969) 
Vol. 1, pp. 61, 62, 104, The Kynoch Press, Birmingham. 
[10] Matthews, B.W. (1968) J. Mol. Biol. 33,491-497. 
[11] Schepman, A. M. H. (1975) dissertation, University of 
Groningen. 
86 
